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FAMILIAL PERIODIC PARALYSIS
REPORT OF A CASE SHOWING NO CHANGES IN SERUM POTASSIUM
LEVEL WITH A DESCRIPTION OF ELECTROENCEPHALOGRAPHIC
FINDINGS*
CHARLES WESLEY WATSON
Familial periodic paralysis is a malady usually characterized by
(1) recurrent flaccid muscular paralysis, (2) history of the disease
in other members of the family, (3) depression of the level of
potassium ions in the blood serum during an episode of paresis, (4)
impairment of electrical excitability of the musculature, (5) impair-
ment of deep reflexes, (6) retention of consciousness without altera-
tion of the sensorium during the episodes, and (7) cessation or
relief of attacks following the administration of salts containing
potassium ions.
The disorder is said1' to be hereditary in 80 per cent of the cases.
It is transmitted by both sexes but males are affected twice as fre-
quently as are females." One or more intervening generations may
be free of the disorder.'6 Attacks may begin as early as at 18
months of age,9 but more often have their onset during puberty
and early adult life. Attacks characteristically cease by the fourth
decade.
Cavare5 described familial periodic paralysis in 1853. Salts
containing potassium ions were employed therapeutically by Buz-
zard4 in 1901 and by Mitchell'9 in 1902. In 1934, Biemond and
Daniels,3 and in 1935, Walker,28 observed that during the attacks
of paralysis the serum potassium ion level may be depressed below
the normal levels ofapproximately 18 to 25 mg. per cent. In 1937
Aitken, Allott, Castleden, and Walker' and in 1938, Pudenz2' and
Allott and McArdle2 related the attacks to low serum potassium and
clearly established the efficacy of potassium salt therapy.
Attacks usually occur at night.' They are precipitated by the
local application of cold,82 by glucose," 13, 21,.23, 26, 29, 30, 31 by epine-
phrine, 21 26 by water diuresis,7 and by insulin with or without glu-
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cose.8' 2, 29, 30, 31 Muscles of the limfbs are affected chiefly and
involvement is usually symmetrical, although monoplegias, hemi-
plegias," :and paralysis of more isolated muscle groups have been
observed.7 The muscles concerned with speech, eye movement,
deglutition, and respiration usually escape, although involvement of
the musculature innervated by the third cranial nerve has been
reported.2 Abdominal muscles are usually affected. Respiratory
muscles may become so weak during severe episodes, however, that
phonation, coughing, and sneezing are impossible.1' Difficulty in
passing urine during the attack is a common complaint. Cardiac
enlargement,24 32 systolic murmurs, and electrocardiographic
changes'5, 24, 25, 32 have been reported.
The etiology of the disorder remains obscure. There are cases
which fail to respond to potassium salt therapy but which do respond
to thyroid extract.29 Wolf29 reported a familial variety of periodic
paralysis without exophthalmos in which this was true. The same
author, in an excellent review of the subject, reports 35 cases in
which "enlargement of the thyroid" was noted. Hildebrand and
Kepler'2 describe exophthalmic goiter and report 23 other cases in
the literature. Wolf29 and Favill and Rennick7 failed to produce
attacks with epinephrine. Cholinergic drugs such as acetylbeta-
methylcholine (Mecholyl),25 carbaminoyl choline (Doryl), and
thiamine chloride alleviate attacks in some patients,29 but not in
others. Zabriskie and Frantz32 report an increased dextrose toler-
ance. McEachern and others" 29 observed that an alleviation of the
attack may not be accompanied by a change in serum potassium.
Talbott26 believes that the serum potassium must be lowered during
the attacks, while Hildebrand and Kepler'2 note that there are con-
ditions which result in low serum potassium which are not accom-
panied by paralysis. Pudenz2' noted a persistent creatinuria, and
Milhorat'8 reported a persistently negative phosphorus balance but
a normal magnesium balance. An increased excretion of potassium
with a rise in serum potassium has been observed.8 Studies of
serum phosphorus and calcium have revealed no significant changes
during or between attacks.'8 Stewart et al.24 reported that the
activity of the serum choline esterase showed no deviation during
attacks. Mamou and Hadjouj'7 reported relief of periodic paraly-
sis by adrenal extract and irradiation of the thyroid. Dunlop and
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Kepler6 and Morrison and Levy20 report alleviation of periodic
paralysis by alleviation of exophthaimic goiter. Hildebrand and
Kepler12 report alleviation of both exophthalmic goiter and an asso-
ciated periodic paralysis by thyroidectomy in 5 cases. The associa-
tion of migraine with the paralytic attack has been reported by
Holtzapple'4 and by others.'616, 27 An association with and the
presence of features in common with muscular dystrophy,14 muscular
atrophy,3 myotonia congenita,26 and myasthenia gravis2' 12, 13, 26 have
been reported, but extraneous hereditary influences make evaluation
difficult.
The case to be reported is intended to aid in the resolution of
one aspect of the complex problem of etiology, namely, whether or
not the central nervous system is involved. Pudenz2' states that
he is "forced to conclude that the defect responsible for paralysis
lies in the central nervous system." In a discussion by Ravina22 of
familial periodic paralysis there is cited interesting evidence that the
malady involves the central nervous system. During an acute epi-
sode of paresis, 20 ml. of 0.5 per cent solution of potassium chloride
were injected into the left brachial artery after the venous return
had been arrested by means of a blood-pressure cuff inflated for 8
minutes to a pressure of 60 mm. of mercury. There was no return
of strength to the muscles of that extremity. Severe pain and
intense vasoconstriction, followed by flushing, showed that potassium
had spread throughout the limb. Additional evidence is derived
from the following experiment thrice repeated by Pudenz2' and
which provided the basis for his statement regarding etiology. The
arterial supply of a limb was occluded for approximately 15 minutes
by means of a blood-pressure cuff inflated to the pressure of 200
mm. of mercury. Fiftyimilliliters of a 2 per cent potassium salt
solution were injected into the venous circulation of the opposite
upper extremity. Complete relief from paresis was experienced
within 5 minutes, not only in the 3 unoccluded extremities but also
in the extremity from which the circulating potassium ions sup-
posedly were excluded. These two experiments suggest but do not
prove that the central nervous system is the source of the paralysis.
In favor of the thesis that the disorder is of peripheral origin are
the observations of areflexia, diminished response to Galvanic stimu-
lation, and the symmetrical distribution of the weakness.
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Case report
The patient, a 25-year-old infantryman, was first hospitalized during
the Battle of the Rhine because of periodic attacks of flaccid paralysis. There
was a history of three similar attacks prior to induction, the first of which
occurred when he was 16 years of age. The episodes had 'been similar in
kind, differing only in degree. They occurred during the early morning
or in the evening and lasted approximately two days. Masticatory and res-
piratory muscles were not involved. No treatment was received. The
patient experienced three episodes during combat. (He was evatcuated
through channels with a diagnosis of "psychoneurosis, type undetermined,
chronic, with hysterical manifestations.") Physical examination at the time
of evacuation was negative. A typical attack occurred 2 May, 1945, in
the evening. Initially there was weakness of the upper and lower extremities
followed by weakness of the back. The grip became so weak that the
patient did not trust himself to hold a cup. Walking was difficult, but he
could "waddle." A serum potassium determination obtained one hour after
the peak of the attack, while there was still a moderate degree of paresis, was
within normal limits (22.4 mg. ,per cent.). Except for generalized symmetri-
cal weakness, there were no other positive neurological findings.
A detailed review of the family history revealed that there have been 7
known cases, all of which were in the maternal line (Fig. 1). The maternal
grandmother, who died at the age of 67 of "heart trouble," had a single attack
of paralysis. Four maternal uncles were first afflicted at the ages of 12, 17,
19, and 27, respectively. A maternal aunt, who died at the age of 35 of
"dropsy," was first affected at the age of 17. The patient's mother has
had no attacks. There is evidence that another aunt, who died of "blood
clot," may have been
affected. A summary
of the family history
reveals that attacks
experienced by the liv-
- V L U 4 g g v v @ W ting members of the
family usually occur at
nH' i- night. They are of a
few hours' to a few
Nu"w,A m&mu "a t
PATIENT days' duration and ar6
FIG. 1 invariably accompanied
by difficulty in passage
cf urine. All members are irritable during attacks. One uncle is relieved by
oral potassium chloride therapy. The attacks are not precipitated by cold.
There is no evidence of hyperthyroidism in any of the involved individuals,
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and menopause, puberty, and pregnancy have no effect on the frequency or
the severity of the attacks.
At the time of admission to O'Reilly General Hospital the patient's physi-
cal, neurological, and psychiatric examinations were essentially negative.
While under observation the patient experienced one attack of moderate
severity. It was induced by the oral administration of 200 gm. of dextrose
in order to confirm the presumptive diagnosis and to establish, if possible,
the efficacy of potassium therapy. The neurological examination, serum
calcium, phosphorus, and potassium, and the EEG and the response to
electrical stimulation of the musculature were all within normal limits, prior
to the episode.
At 11:00 A. M. the patient was given 200 gm. of sugar by mouth.
At 1:45 P. M. he first noted difficulty and weakness in extending the
arms. Fifteen minutes later he experienced great difficulty in walking and
was obliged to seat himself. An electroencephalogram was begun at that
time and recorded almost continuously until the peak of the attack had been
passed. At 2:15 specimens for serum calcium, phosphorus, and potassium
were withdrawn. At 2:30 the response of the neuromuscular mechanism
to Galvanic and Faradic current was observed. At 2:35, 1 mg. of epine-
phrine was administered intramuscularly. It is of interest that, even though
at this time the voluntary contraction of the musculature of the extremities
was markedly weakened, there was no diminution of the Galvanic response
and only slight diminution of the Faradic response in the upper extremities
only. At 3:00 P. M. the patient experienced great difficulty in turning him-
self. Examination revealed that the biceps, triceps, radial, and ulnar reflexes
were absent bilaterally. In the lower extremities the patellar, suprapatellar,
and Achilles reflexes could be elicited, but they were quite weak. There
were normal plantar responses bilaterally., At this time there was complete
absence of voluntary response in the distribution of the posterior tibial and
common peroneal nerves, save for a very slight response in gastrocnemius,
soleus, extensor digitorum longus, and extensor hallucis longus 'bilaterally.
There was moderate diminution in muscular response 'both to Galvanic and
Faradic stimulation in the lower extremities. Evaluation of the upper
extremity responses revealed a marked diminution of voluntary response in
the distribution of the musculocutaneous, radial, and median nerves. Faradic
response was markedly reduced in the same distribution, while Galvanic
response was essentially normal. At 4:30 P. M. specimens again were
obtained for serum calcium, phosphorus, and potassium determinations. The
sample obtained for blood sugar determination unfortunately was lost. The
patient was given 5 gm. of potassium chloride orally at 5:00 P. M. By
6:00 P. M. the patient was able to stand and there was enhancement of the
previously diminished reflexes in the upper extremities and a return of reflex
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activity in the lower extremity. At 7:00 P. M. there was no weakness
whatever, and the neurological findings were within normal limits.
As indicated in Fig. 2, the serum potassium, calcium, and phos-
phorus remained within normal limits prior to, during, and follow-
Prior to the attack
Time: 10:30 A. M.
Symptoms: none; Signs: none
Reactions: Galvainic 3;
Faradic 3
K 20.8 mg.%; Ca 10.3 mg.%;
P 3.6 mg.%
Induction of the attack
Time: 1:46 P.M.
Symptoms: weakness; Signs:
reflexes 50% normal
Reactions: Galvanic 3;
Faradic 2.5
K 20.4 mg.%; Ca 10.3 mg.%;
P 3.5 mg.%
Height of the attack
Time: 4:03 P. M.
Symptoms: paralysis; Signs:
reflexes 10% normal
Reactions: Galvanic 2;
Faradic 2
K 20.4 mg.%; Ca 10.5 mg.%;
P 3.8 mg.%
L
i,
WWlVUJV,VWWD
%%VVI"AI.
41VAtwA4
VhYAWA*JA&-ASse 4*44V\AWAlW
FIG. 2
ing the episode of paresis. A 24-hour urine specimen obtained
following the attack contained 0.57 gm. of creatine and 1.14 gm.
of creatinine. The serum albumin, globulin, serum cholesterol,
and basal metabolic rate were within normal limits. The leuko-
cyte count, hemoglobin, red blood cell count, electrocardiogram, and
chest roentgenograms were normal. The Kahn test applied to
serum was negative.
The EEG recorded during the period of paresis showed no
significant differences from the normal EEG recorded prior to the
paresis (Fig. 25.
Discussion
The normal character of the electroencephalogram recorded
prior to, during, and following recovery from an acute episode of
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familial periodic paralysis lends some support to the thesis that
familial periodic paralysis is not accompanied by alteration of cere-
bral cortical function. The objective findings of altered reflexes
and changed electrical response of the musculature excluded con-
version phenomena as a possible basis of the episodes.
Another observation of interest in this particular case was that
an attackof paresis could be induced bythe oral ingestion of dextrose
and that such an attack could be enhanced by the administration of
epinephrine. The attack was completely relieved by the oral
administration of 10 gm. of potassium chloride. The serum
potassium, which was determined according to the method of Breh
and Gaebler as modified by Hawk and Bergeim,10 was essentially
unaltered during the period of paresis. Examination of the serum
calcium and phosphorus revealed no changes of significance during
the episode and also served as a check on the accuracy of the
determinations.
Sumnury and conclusions
1. The present report deals with a case of familial periodic
paralysis, with a history of the disorder in 7 members of the
maternal line.
2. The attacks were typical in their pattern. They were
induced by sugar, enhanced by epinephrine, and relieved by
potassium chloride. Reflex activity was reduced and the response
of the musculature to Galvanic and Faradic stimulation was
markedly impaired during the acute episode. There were no
sensory changes.
3. Chemical determination of the potassium, calcium, and
phosphorus content of the serum before, during, and following an
episode of paresis revealed no changes of significance.
4. The electroencephalograms recorded during the period of
paresis and during periods of complete freedom from symptoms
showed no differences of significance. The record was normal at
all times.
5. From these findings it may be concluded that there was no
significant alteration of cerebral cortical electrical activity during
the period of paresis.
6. A brief review of the relevant literature is presented.
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